For laminar motion it is also possible to compute spectral density function for bottom shear stress by applying small amplitude wave theory15). The bottom shear stress spectral density and transfer function are given by: (13) first been compared with the spectral properties obtained analytically. Figures 2 and 3 show the comparison of spectral density and transfer function of bottom shear stress from simulated results with those from analytical solutions (Eqs. (13) and (14)). Both the figures show reasonably good agreement with computed results, however, the simulated transfer function is slightly under estimated. Although bottom shear stress spectral density shows similar trend as that observed in velocity spectrum, in Fig. 3 it can be seen that the time variation of bottom shear stress is more dominated by high frequency component waves. As such the peak of the transfer function appears at a higher frequency (f=0.12Hz) than that corresponding to significant wave period (f=0.1Hz). first been compared with the spectral properties obtained analytically. Figures 2 and 3 show the comparison of spectral density and transfer function of bottom shear stress from simulated results with those from analytical solutions (Eqs. (13) and (14)). Both the figures show reasonably good agreement with computed results, however, the simulated transfer function is slightly under estimated. Although bottom shear stress spectral density shows similar trend as that observed in velocity spectrum, in Fig. 3 it can be seen that the time variation of bottom shear stress is more dominated by high frequency component waves. As such the peak of the transfer function appears at a higher frequency (f=0.12Hz) than that corresponding to significant wave period (f=0.1Hz). even causes reversal in bottom shear stress where no such change can be seen in free stream velocity (wave W4 and W5).
Similar variation in bottom shear stress has been observed under cnoidal waves as reported by Tanaka et al.5 ) and is shown in Fig. 5 . It can be seen that due to high flow deceleration and inertia, a trough peak appears in the bottom shear stress at t/T=0.070 while no such peak can be seen in the free stream velocity. achieved by multiplying the generated laminar velocity time series. This has been done mainly to facilitate comparison between laminar and turbulent flow characteristics.
Time variation of free stream velocity and corresponding bottom shear stress are presented in Fig. 8 along with the variation in turbulent kinetic energy, k. Here the bottom shear stress shows a more regular variation unlike as observed for laminar flow. The near bottom turbulence dissipation significantly reduced the flow inertial effects and, therefore, no reversal in bottom shear stress can be observed. The phase difference is also much reduced making the shear stress almost simultaneous with free stream velocity. Figure 9 shows the correlation of bottom shear stress with free stream velocity for individual waves as indicated in Fig. 8 . The bottom shear stress shows a rapid variation with free stream velocity similar to that from a power function. Due to the decrease in phase difference it also has a much narrow band extent.
The vertical velocity distribution is presented in Fig. 10 . Turbulence mixing causes higher velocities close to the wall, and subsequent reduction in flow inertia significantly In Fig. 8 with free stream velocity variation. But when the bottom shear stress is much smaller for a prolonged period (as indicated at locations marked with an X), the turbulent kinetic energy closely corresponds to bottom shear stress. Also it results in a very small turbulent kinetic energy value like in the case of laminar flow. When the turbulent kinetic energy is compared with free stream velocity variation and with bottom shear stress, as shown in Fig. 11 and Fig. 12 respectively, the phenomena of dual dependence can be clearly observed. It can be seen that the turbulent kinetic energy is closely correlated with velocity at higher values of k (Fig. 11) and it shows excellent correlation with bottom shear stress at smaller values (Fig. 12) . The reason could be traced to the thickness of bottom boundary layer, which changes continuously 
